INTRODUCTION
"Thus the creation of a cancer cell is thought to involve a sequence of events of which perhaps only the early steps bear any direct relation to the interaction between mutagen and DNA. This is borne out by the observation that the later events can be caused by other agents (promoters) that are not themselves mutagenic."
John Cairns (1981) [l] MOST HUMAN cancers are triggered or propagated by exposure to environmental agents. Carcinogenesis is an expression of a complex interplay between exogenous factors that may be inhaled, ingested, or absorbed through the skin, and the evoked responses in the host that are under genetic control. Conversion of a normal cell to neoplastic phenotype involves molecular activation and expression of transforming genes. Transformation of a normal cell to a cancer cell represents a self-perpetuating programming error, a genetic malfunctioning of the integrated control systems for cell proliferation and differentiation.
The "sudden" clinical expression of a malignant neoplasm obscures recognition that symptomatic cancer is the phenotypic endpoint of a sequence of molecular and biochemical events occurring over an induction-latency period measured in years. In experimental systems, the length of the latency period varies with the type and dose of the tumorigenic agent, intrinsic susceptibility of target cells modulated by host immunogenetic characteristics, and tumor growth kinetics. The natural history of neoplastic development evolves through stages of initiation, promotion and autonomous progression. Initiation is a stochastic, multistep process that involves one or more generally irreversible, heritable alterations in the basic structure of cellular DNA that may have been induced by such diverse factors as genotoxic chemicals, ionizing radiation or oncogenic viruses. As defined by Farber [2] , promotion is the "process whereby an initiated tissue.
. develops focal proliferations, one or more of which may act as precursors for subsequent steps in the carcinogenic process."
The rate of progression of promotional steps in response to exogenous and endogenous growth promoting factors is dose dependent and may exhibit a measurable threshold as well as a maximal response. The critical molecular events are associated with selective proliferation and altered gene expression. The phenotypic features of autonomous progression are exponential growth, increased invasiveness, and alterations in the biochemical, morphologic, and karyotypic characteristics of the neoplasm [3] . Farber (1982) [2] A multistage model of carcinogenesis implies that more than one rate determining step is necessary to transform a normal cell into a cancer cell. In most such models, age-specific incidence is proportional to the product of the rate'constants for each transformational and evolutionary stage. Other chronic infections, such as falciparum malaria and/or associated immune deficiency disorders, sustain a high turnover of the lymphocyte population.
The ultimate monoclonal neoplastic conversion is signaled by cytogenetic and molecular events that have been described previously [23, 24] .
TUMOR PROMOTERS IN HUMAN CARCINOGENESIS
"The natural history of the development of human neoplasia is not distinguishably different from that in animal models." Roswell K. Boutwell (1985) [25]
We have previously considered how loss or alteration of regulatory genes may be accompanied by augmented expression of cellular oncogenes, and that these molecular events comprise steps in a common pathway leading to malignant transformation.
All too often the initiating trigger for such a cascade of events is unknown, although epidemiologic research has identified a varied spectrum of lifestyle and environmental causative factors (Tables 2 and 3) .
As emphasized by Boutwell [25] , although humans are exposed inevitably to carcinogenic agents, both the dose level of a putative initiator in combination with the dose level of exposure to one or more promoting agents determine the rate of development and clinical presentation of malignant tumors. At least three different stages have been defined in the development of neoplasia in experimental systems: initiation, promotion, and progression.
The classical two-stage mouse skin model has shown that epidermal tumors can be induced by the sequential application of a single subcarcinogenic dose of a polycyclic aromatic hydrocarbon (initiation stage), followed by repetitive applications with another class of agent, such as croton oil or a phorbol ester (promotion stage). A single large dose of the initiator, such as 7, 12_dimethylbenz(a)anthracene (DMBA), without the application of any other agent, is capable of inducing skin tumors in mice. Papillomas appear initially within l&20 weeks, and carcinomas subsequently within 20-60 weeks. Thus, the application of a very high dose of a carcinogen may lead both to initiation and promotion of tumorigenesis.
A single reduced subcarcinogenic dose of DMBA will not give rise to tumors over the lifespan of the mouse, unless it is followed by repeated applications of a promoting agent. Multiple sequential applications of the promoter without, or prior to, initiation by DMBA does not give rise to epidermal tumors. After the initiation phase, the tumor response is ultimately the same, whether the promotional stage is initiated one week or one year later [26] . International comparisons of site-specific cancer mortality, the "experiments of nature" prowded by migrant studies and casecontrol studies have suggested that a substantial etiologic fraction of some of the major cancer sites in the United States may be attributable to dietary factors. Thus, it has been estimated that through dietary modifications we might ultimately achieve a 35% reduction in cancer mortality. Various nutrition hypotheses have been concerned with excess in dietary fat consumption and the role of obesity with respect to the incidence of cancers m the colon, endometrium, breast, and gallbladder, or with deficiencies in fresh fruits and vegetables with respect to the risk of various gastrointestinal tract cancers.
Pollutants in urban air have long been suspected in the etiology of lung cancer, with fossil fuel combustion products, especially polycyclic hydrocarbons, being of special concern. Some studies have suggested that tobacco smoke may interact with carcinogens in the ambient atmosphere, or that neighborhood communities may be alTected by airborne pollutants (e.g. asbestos, arsemc, radon) from Industrial sources. Interest has also centered on contaminants in drinking water, since several halogenated organic compounds (trihalomethanes) produced during chlorination are carcinogenic or mutagenic on laboratory tests. Levels of these compounds m surface drinking water have been positively correlated with mortality rates for cancers of the bladder and large bowel. The attribulable risk has been difficult to estimate with any precision, but probably does not exceed l-2%. The two-stage model system in mouse skin has been generalized to other mouse organ systems, such as the liver, lung, colon, urinary bladder, mammary gland, stomach, esophagus, pancreas, mouse cell culture systems, and the rat tracheal organ culture system. The critical molecular events in tumor promotion are associated with a mitogenic effect and altered gene expression in initiated stem cells [27] .
Various Used in the manufacture of plastics and ion exchange resins. No estimates are available for number of workers exposed Used in metal alloys, electroplating, magnetic tapes, pigment for paints, cement, rubber, composition floor covenng, and as oxidant in synthesis of organic chemicals. An estimated 2.5 million workers are exposed 10 chromium and its compounds. OSHA regulation has adopted g-hour time-weighted average exposure limits of 0.5 mg/m' for soluble chromium compounds, I mg/m' for chromium metal and insoluble compounds and exposure level of 0.1 mg/m' for chromic acid and hexavalent chromates.
Complex mixture of products of coal combustion and distillation comprised of polycyclic aromatic hydrocarbons OSHA has estimated that 10,000 workers are exposed to these emissions. OSHA standard of exposure is I50 pg/m' averaged over any &hour period. lngestmn and inhalatm" of dusts which contain iron oxides, silica, and eve" radon. The contrtbution of factors other than ferric oxide to increased lung cancer mortahty I" the underground hematite miners is unknown. Precise risk varies with nature of mixture and nature and route of exposure (i.e. skin absorption, inhalation, ingestion).
Conlinuetl
Principal use is in production of plastics, packaging materials, and vinyl asbestos floor tiles. More than 3.5 million workers are potentially exposed. Its use as an aerosol propellant was banned by the EPA, FDA, and CPSC. OSHA standard is 1 ppm as an 8-hour time-weighted average and a 5 ppm ceiling for any 15-minute period.
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